Mallomonas minuscula sp. nov. is described from Vietnam based on silica-scale morphology studied by means of transmission and scanning electron microscopy. This species belongs to the Mallomonas mangofera complex and is characterized by small scales with large polygonal papillae on the shield, raised wide arms on the anterior submarginal rib with small papillae, and a small "window" in the angle of the posterior submarginal rib. Scales of Mallomonas minuscula were found in nine localities from six provinces of Central and Southern Vietnam. The distributions and habitat conditions of the new species are summarized.
Introduction
Mallomonas is the most diverse genus in Order Synurales (Stramenopiles, Chrysophyceae). Species of this genus are widely distributed in various freshwater habitats from cold areas to tropics (Kristiansen 2000; Kristiansen & Preisig 2007) with some species found in saline waters (Gusev 2013; Němcová et al. 2016) . Cells of Mallomonas are covered with siliceous scales and bristles, which are specific for each taxon. According to the most recent multigene phylogeny of synuralean algae (Siver et al. 2015) , Mallomonas is divided into two large major lineages, one comprised of scales that possess a V-rib and the other lacks this structure. Intensive studies of the last decade with molecular and morphological approaches show that the real diversity of the genus is underestimated. Over last ten years, twenty new Mallomonas species have been described from different regions in Asia, including one from Russia (Gusev & Kulikovskiy 2013) , two from China (Ma & Wei 2013; Němcová et al. 2015) , six from Korea (Kim & Kim 2008; Kim & Kim 2010; Jo et al. 2013; Kim et al. 2014) , and eleven from Vietnam (Gusev 2012 (Gusev , 2013 (Gusev , 2015a Gusev et al. 2015 Gusev et al. , 2016 Gusev et al. , 2018 
Material and Methods
Samples from nine localities in six provinces in Vietnam are included in this study ( Fig. 1, Table 1 ). In Khanh Hoa Province samples were collected from an unnamed sand pit with standing water situated on the Cam Ranh Peninsula in 2012. In Lam Dong Province samples were collected from Da Kha Reservior in 2012. Two 2015 samples were taken in the northwestern part of Phu Quoc Island (Kien Giang Province) from unnamed ponds. A sample from Con Son Island, Ba Rịa-Vung Tau Province, was taken from a small pond near Quang Trung Reservoir in 2015. In Phu Yen and Binh Dinh Provinces, samples were collected from lakes and reservoirs in 2018.
Samples were collected using a plankton net with 20 μm mesh. For electron microscopy studies, an aliquot of each sample was washed three times by repeated centrifugation and smooth. The rear scales are similar in structure to the body scales, but more oval and asymmetric, bearing small spines and smaller size, 1.5-1.7 × 1.1-1.4 μm. The collar scales are asymmetrical, elongate, and have a broadly rounded proximal end and narrower distal end, 2.4-2.8 × 1.4-2.0 μm. Ornamentation on the shield, submarginal ribs and flanges is the same as found on the body scales. The dome on the collar scales is ornamented with papillae, and has a stout and sharply pointed peak at the apex. There are 2-5 base plate pores in the angle of the posterior submarginal rib. Bristles are short, 4-5 μm in length, curved, smooth and pointed. Cysts were not observed. (Table 1) . Mallomonas minuscula was found in slightly acidic conditions (pH from 6.0 to 6.8) with deionized water. Drops of each washed sample were dried directly onto stubs for Scanning Electron Microscope (SEM) or grids for Transmission Electron Microscope (TEM) or digested 4-5 minutes in sulfuric acid with potassium dichromate before mounting. For SEM studies, samples were dried onto aluminum stubs, coated with gold for 10 minutes with a JEE-4X (JEOL) sputter coater, and observed with a JEOL 6510 LV scanning electron microscope. For TEM studies, samples were dried onto formvar coated grids (EMS FF200-Cu-50, Electron Microscopy Sciences), and observed with a JEM-1011 TEM. Specific conductance, pH and temperature measurements were made with a Hanna HI 9828 device, Hanna Instruments, Inc., USA.
Results
Mallomonas minuscula sp. nov. Gusev, Guseva, Kezlya et Kulikovskiy Description: Cells are ellipsoidal, size of dried cells approximately 9-12 × 4-5 μm. Cells armored with apical domed collar scales, domeless body scales, and small rear scales with short spines. The body scales are rhomboidal and slightly asymmetric, 2.0-2.5 × 1.3-1.7 μm. Shield is ornamented with numerous evenly spaced large polygonal papillae and small pores on base plate. Anterior submarginal rib is well developed, raised above the shield, wide, with 1 to 3 rows of delicate papillae on each arm. Anterior flanges are smooth. Posterior submarginal rib is smooth and fused with the arms of the anterior submarginal rib. There is a rounded area in the angle of the posterior submarginal rib, lacking secondary layer ("window"). "Window" contains one pore on the base plate. Posterior border is smooth and encircles half of the scale. Posterior flange is narrow with specific conductance range of 23 to 247 µS.cm -1 , and temperature 22-36 °C (Table 1 ).
Discussion
Mallomonas minuscula should be placed in Section Torquatae Momeu & Péterfi (Momeu & Péterfi 1979) due to presence of domed collar scales. Within this large section, Mallomonas minuscula is similar to species from the M. mangofera group which also have papillae on the scales. The main distinctive feature of the newly described species is the large polygonal, often hexagonal, papillae on the shield organized in regular pattern and not fused together. Polygonal or hexagonal form of large papillae is easily observed with TEM, but not as obvious with SEM. Raised wide arms of the anterior submarginal rib, ornamented with small papillae arranged in rows, and small "window" with one pore in the angle of the posterior submarginal rib are also characteristic features of Mallomonas minuscula. New taxon is similar to Mallomonas madagascariensis Hansen, M. crocidilorum Hansen, described from Madagascar (Hansen & Kristiansen 1995) and M. liturata, described from Canada (Nichols 1988). All these species have large papillae on the shield. Mallomonas minuscula and M. madagascariensis have small rhomboidal body scales with broad anterior ribs and shield bearing large polygonal papillae (flat-topped tubercles), arranged in a regular hexagonal way. The main discriminant feature between two taxa is the shield pattern of papillae. Mallomonas madagascariensis has numerous confluences of papillae building a pattern of shorter labyrinthic corridors on the shield. Mallomonas minuscula has regular pattern of papillae on the shield and confluences has never been observed. Also Mallomonas madagascariensis has 3-4 pores in a "window" while M. minuscula has only one. (Kim et al. 2014 ). Both taxa have a wide submarginal anterior rib raised above the shield and ornamented with papillae. These taxa differ by the shield ornamentation and scale sizes. Scales of Mallomonas elevata are larger (body scales are 3.7-4.5 × 2.7-3.1 μm) and have regular rows of evenly spaced small papillae on the shield. Scales of Mallomonas minuscula are ornamented with numerous evenly spaced papillae of hexagonal form, contain small pores on the base plate and have the "window". The "window" and small scales (2.2 × 1.6 μm) were reported also for Mallomonas mangofera f. gracilis Dürrschmidt, described from Chile (Dürrschmidt 1983 ). This taxon clearly differs from Mallomonas minuscula in that the papillate pattern is weakly developed, papillae are smaller and more numerous, apparently fused together to a continuous secondary layer on the shield for some scales. Other varieties of Mallomonas mangofera and M. alveolata differ from M. minuscula by the larger scale sizes, narrower anterior ribs and shield ornamentation. Newly described species was quite rare in the samples, but widely distributed in Vietnam. Scales of Mallomonas minuscula were found in nine localities from six provinces in Central and Southern parts of Vietnam. Based on these findings we expect a wider distribution of this species in Southeast Asia. Mallomonas minuscula prefers slightly acidic waters (pH from 6.0 to 6.8), low specific conductance values (23-247 µS.cm -1 ) and can tolerate a wide range of temperature (22-36 °C). Tran Duc Dien and Phan Trong Huan for help in expeditions. This work was funded by the Russian-Vietnam Tropical Centre, Ecolan 3.2 theme. Authors are grateful to Professor Kevin McCartney for English correction and important remarks. Authors are grateful to anonymous reviewer for helpful comments that improved the quality of the manuscript.
